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Long-term monitoring of Blazars -
the DWARF network

Blazars hosting Binary Black Holes”
Blazars as hadronic accelerators?
DWARF: A global IACT network
The DWARF telescope
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Natural expectation of
hierarchical galaxy formation
[e.g. Begelman*80]

Discovery wide (kpc) BBHs

Model of merger kick-off by
asymmetric grav. wave emission

[Komossat08]
Discovery of 1 narrow (7pc) BBH
[Rodriguez+09]
Chandra: - Are there close to coalescense
NGC 6240: z=0.024; sub-pc scale BBHs"?
d~1.4kpc, 2 active Nuclei
[Komossat03]

Eﬂ‘"""% Michael Backes for the DWARF collaboration
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* Discovery wide (kpc) BBHs

Model of merger kick-off by

. asymmetric grav. wave emission

”0 [Komossa*08]
10 ‘- Discovery of 1 narrow (7pc) BBH

0 [Rodriguez+09]
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Are there close to coalescense

o waceee Y sub-pc scale BBHs?
VLBI: HI-velocity

0402+379: z=0.055: d~7pc
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L Tev Theory: narrow BBHs would cause quasar
(HEGRA) like peak luminosities [Lobanov06]
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Not resolvable = Search for QPOs
0J287: 12 yr optical [Sillanpaa+87, Fan+98, Wu*06]

Mknb01: TeV& X-ray 23d [Kranicht99, Osone06]
optical: 100d [Yang+08]
new TeV & X-ray: 23d, 36d & 72d  [Radigt09]

Interpretation of QPO

In TeV as BBH

[Rieger & MannheimO0,
De Paolis*02, RiegerQ7.

Extract mass & distance
Calculate GW templates

Michael Backes for the DWARF collaboration
12/09/2009 | Smithsonian Astrophysical Observatory
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De Paolis*02, RiegerQ7.

Extract mass & distance
Calculate GW templates

26, Wut06]

PP ch+99. Osone0b]
[Yang*+08]

[Rédig09]
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Lightcurve|
12 MC Chi*2 amplitude Do*D3 - red noise corrected |
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Data collection still not complete

Very first glace at the data quite encouraging:
102 bootstraps, cleaned of trends of order 1 and 3
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Hadronic orphan flares?
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TeV Flux [ Crab |
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Michael Backes for the DWARF collaboration

= Orphan TeV flare in 2002 of

1ES1959+650 [Krawczynski+04]

,Orphan” TeV flare in 2004 of
Mkn 421 [Blazejowski+05]

PKS 2155-304: GeV lightcurve

compatible with constant while

in TeV highly variable
[Aharonian*t09]

Different origins of radiation?

12/09/2009 | Smithsonian Astrophysical Observatory
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I 1 | | TeV Fliex [ Crab |
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2 v within 66 days, 1 coincident
with orphan flare [Resconi05]

1-2 atmos bg-v / (yr km?®deg?)
[Halzent06]

flare of 2crabin Th with 1v /

flare of 1 crab in 1d with 2v >4c

[Godman*07]
Completeness of y-ray data
statistically crucial [Leiert06]

Complete observations

mandatory!

Eﬂ‘"""% Michael Backes for the DWARF collaboration
LA 12/09/2009 | Smithsonian Astrophysical Observatory
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High sensitivity with threshold energies around 100 GeV
many observation missions:
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High sensitivity with threshold energies around 100 GeV
many observation missions:
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= Dedicated Worldwide Agn

Research Facility (DWARF)

Eﬂ‘"""% Michael Backes for the DWARF collaboration
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Whipple 10m TACTIC OMEGA StarBase

i-

"I' m.-t i
g - b
- g

= 1 telescope = 1 telescope = 2o0f HEGRA = 2 of Telescope Array

= Mt.Hopkins (Az,USA) = Mt. Abu (IN) = Sierra Negra (MEX) = Utah (USA)

Y E,,~ 400 GeV LE,, ~1TeV = 4100m a.s.l. =7.17m2 mirror

YE,,~700 GeV>?7?7?

= Ongoing monitoring = Ongoing [Rubent, /CRC09]  =Int. Interferrometry

[Pichel*, /CRCOY monitoring =No Cherenkov-
[Koul*, NIM Q7] camera, yet

[Finnegan*, A/PC 08)
«™  Michael Backes for the DWARF collaboration 11
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technische universitat The DWARF telescope
LU www.dwarf-telescope.org

TU Dortmund, Uni Geneva, EPFL Lausanne, ISDC Versoix,

PSI Villigen, Uni Wurzburg, ETH Zurich, Uni Zurich

= Mount of former HEGRA CT3
on MAGIC site (La Palma)

= Newdrive system (as in M-II)
= New mirrors

= New G-APD camera, with

solid light concentrators and
embedded DAQ

& Dominik

MWL partners: Metsahovi (radio), Tuorla (optical), Fermi (GeV)

f“&. Michael Backes for the DWARF collaboration 16
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The DWARF Mirrors

Spectral Reflectivity |

Reflectivity / %

——+——— DWARF (refurbished, reached reflectivity)

----- CT1 [Cortina et al., TMACT®6, Snowbird (USA, 1999)

l

1 00 C — — —— MAGIC [Bigongiari et al., NIM-A 518 (2004) 619]
e ey HESS [Bernloshr et al., APP 20/2 (2003) 111]
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Wavelength A / nm ____ Deviation from nominal focal length (490cm) |
= All-aluminum Mirrors from CT1 /\ Enfres: 32
remachined and recoated " VA
= Hexagonal 2 9% enlargement § - /
. 40 (0.16+1.09) cm
L 9,25m2 mirror area g Findt = 5716
. \_4J_ L S 47
Michael Backes for the DWARF collaboration ARl 17
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Improvement | Sensitivity
gain

| Integral Flux Sensitivity ("'=-2.6, 5c in 50h) |- Crab (integral flux)

F(E>E) [em?s1]

10

101

| = GLAST (1y) = Mirror area
| —— Whipple (10.177m2->9.25m?) 0.95

| =™ HEGRA CT1
| === HEGRA CT System

| ________________ = Reflectivity

| === Dwarf G-APD

| — MAcic (86% = 93%) 1.04

H.E.S.S. (>10 evts)
(14% > 54%) 1.96
= Timing 1.40

|% Total gain comp.
1 to CT1 2.73

WL

...I...l..I..lJ.lll.[......I...l..l..l.I.ll.I.l....

_..l..L.L].ISJi...

i e L I BEEii I
0 100 200 1000 2000 10000 20000
E, [GeV]

[=2]

additionally:
= Wobble (3 off) 1.65
&, Gain obs. time 20.30

f“&. Michael Backes for the DWARF collaboration 18
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= Much interesting physics
In monitoring, e.g.
= |Leptonic or hadronic jets?
= Coincident y- and v-observations
= Super Massive Binary Black Holes |
Gravitational waves ” 4

= Not cost-efficient with latest generation IACTs

% Dedicated telescopes for | ong term momtormg of
strong sources: T g e N

DWARF
Network of distributed

telescopes for

24/7 observations

€:3 Michael Backes for the DWARF collaboration o | 19
12/09/2009 | Smithsonian Astrophysical Observatory
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dortmund Most probable DWARF sources

(E >100 GeV) s AR T —

* DWARF Blazars

8

Min. ZA for MAG
& DWARF
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Mkn 501, Mkn 421, 1ES 1959+650, 1ES 2344+514,
H1426+428, PKS 2155-304

éﬂ’é Michael Backes for the DWARF collaboration 21
Tl 12/09/2009 | Smithsonian Astrophysical Observatory

Redshift z

00000000000
RESE~REmE"



technische universitat
dortmund

Integral Fluxes and Flux Sensitivities (I'=-2.6, 3c in 6h)

0

F(E>E) [cmZs™]

— GLAST (1 year)
— e \Whipple
— —— HEGRACT1
: s Dwarf G-APD
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- Mkn 421 [MAGIC06]
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Whipple with a G-APD camera:

_Integral Flux Sensitivity ('=-2.6, 5c in 50h)

F(E>E) [cm™s]
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E.-f':% Michael Backes for the DWARF collaboration
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Improvement | Sensitivity

gain
= GAPDs
(20% > 54%) 1.96
= Timing 1.407

% Total gain comp.
to Whipple now 2.30

- |additionally;
= Wobble (3 off) 1.65
&, Gain obs. time 14.46

(only 1.1 Timing) 8.93

23



